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 ,QWURGXFWLRQ
7KHPRVWLPSRUWDQWFRPSRQHQWV RIDQDXWRPRELOHEUDNLQJV\VWHP DUH %UDNHSDGV7KHHIIHFWLYHQHVVRIWKH
EUDNHVGHSHQGVFRPSOHWHO\RQWKHTXDOLW\ DQG SURSHU FRPSRVLWLRQ RIWKHEUDNHSDGV >@ ,W RIIHUV KLJK FRHIILFLHQWRI
IULFWLRQDQGOHVVZHDU 3URSHUVHOHFWLRQRIIULFWLRQDOPDWHULDOV DQGUHTXLUHGTXDQWLWLHVRIFRQVWLWXHQWVLVPDLQO\ EDVHG
RQH[SHULHQFHRU E\ WUDLO DQGHUURU PHWKRGWRPDNHQHZ IRUPXODWLRQV>@
)ULFWLRQPDWHULDO LVDKHWHURJHQHRXVPDWHULDODQGLVFRPSRVHGRIDIHZHOHPHQWVZKLFKDUHXVHGWRLPSURYH
IULFWLRQ SURSHUW\ DW ORZ DQG KLJK WHPSHUDWXUH LQFUHDVH VWUHQJWK DQG ULJLGLW\ SURORQJ OLIH UHGXFH SRURVLW\ DQG
UHGXFHQRLVH>@7KHQHZIRUPXODWLRQV DUHPDGH E\YDU\LQJWKHHOHPHQWVRUZHLJKWSHUFHQWDJHRIWKHHOHPHQWVWR
FKDQJH WKHSK\VLFDOPHFKDQLFDODQGFKHPLFDOSURSHUWLHVRI WKHEUDNH IULFWLRQPDWHULDOV )ULFWLRQPDWHULDOVVKRXOG
PDLQWDLQ VWDEOH DQG UHOLDEOH FRHIILFLHQW RI IULFWLRQ IRU DZLGH UDQJH RI WHPSHUDWXUH >@ &RPPHUFLDO EUDNH OLQLQJ
XVXDOO\ FRQWDLQV PRUH WKDQ  GLIIHUHQW FRQVWLWXHQWV %DVLF HOHPHQWV RI IULFWLRQDO PDWHULDOV DUH FODVVLILHG DV
DGGLWLYHVILOOHUVELQGHUVDQG UHLQIRUFHPHQWILEHUV7KHIULFWLRQDODGGLWLYHVFRPSULVH RID PL[WXUH RIDEUDVLYHVDQG
OXEULFDQWVDIIHFWV WKH IULFWLRQDOFKDUDFWHULVWLFVRI WKHEUDNH SDGV>@ 9HUPLFXOLWH LVXVHGDV ILOOHU WR VXSSUHVV ORZ
IUHTXHQF\ EUDNH QRLVH EXW LW KDV ORZKHDW UHVLVWDQFH %DULXP VXOSKDWH LPSDUWV KHDW VWDELOLW\ WR IULFWLRQPDWHULDO
1RUPDOO\ 3KHQROLF UHVLQ LV XVHG DV ELQGHU ZKLFK JLYHV JRRG ERQGLQJ DFWLRQ WR WKH YDULRXV FRQVWLWXHQWV 7KH
GLVDGYDQWDJH RI SKHQROLF UHVLQ LV EULWWOH ORZ LPSDFW UHVLVWDQFH KLJKO\ WR[LF DQG GHFRPSRVHV DW UHODWLYHO\ ORZ
WHPSHUDWXUHV 'LIIHUHQW UHLQIRUFHPHQW PDWHULDOV VXFK DV PHWDOOLF JODVV FHUDPLF DQG FDUERQ ILEHUV DUH XVHG WR
HQKDQFHIULFWLRQFKDUDFWHULVWLFVDQGPHFKDQLFDOVWUHQJWKRI WKHIULFWLRQPDWHULDO>O@
)ULFWLRQ DQG ZHDU FKDUDFWHULVWLFV RI IULFWLRQ PDWHULDO SOD\ DQ LPSRUWDQW UROH LQ GHFLGLQJ ZKLFK QHZ
IRUPXODWLRQVGHYHORSHGDUHVXLWDEOHIRUWKHEUDNHV\VWHP7KHIULFWLRQDQGZHDULVGLIILFXOWWRSUHGLFWGHSHQGVRQWKH
YDULRXV SDUDPHWHUV VXFK DV PLFURVWUXFWXUH PHWDOOLF FRXQWHUIDFH URWDWLQJ VSHHG SUHVVXUH DQG FRQWDFW VXUIDFH
WHPSHUDWXUH>@
,Q WKH SUHVHQW ZRUN QHZ IRUPXODWLRQV ZHUH WULHG IRU YDULRXV FRQVWLWXHQWV RI IULFWLRQ PDWHULDOV WR
PDQXIDFWXUH WKH EUDNH SDGV 7KH EUDNH SDGV ZHUH SURGXFHG XVLQJ SRZGHU PHWDOOXUJ\ WHFKQLTXH 7KH
FKDUDFWHUL]DWLRQFDUULHGRXWRQ WKHQHZIRUPXODWLRQVDQGFRPSDUHGZLWKFRPPHUFLDOEUDNHSDGVVR WKDW LWFDQEH
XVHGDVDOWHUQDWLYHVIRUWKHFRPPHUFLDOEUDNHSDGV
 0DWHULDOVDQG0HWKRGV
6HOHFWLRQRIPDWHULDOV
&RPPHUFLDOEUDNHSDGVIULFWLRQPDWHULDOFRQVLVWVRIVWHHOZRROYHUPLFXOLWHQDWXUDOJUDSKLWHFDUERQEODFNFHUDPLF
ILEHU DQG UHVLQ1HZ IRUPXODWLRQV ZHUHPDGH E\ YDU\LQJ WKH SHUFHQWDJH ZW RI WKH IULFWLRQDOPDWHULDOV RI WKH
FRPPHUFLDOEUDNHSDGVDQGZLWK WKHRWKHUPDWHULDOVVXFKDVLURQR[LGHEDU\WHVDUWLILFLDOJUDSKLWHPLQHUDOILEHUZLWK
VXLWDEOHSHUFHQWDJHV7KHFRQVWLWXHQWVZHUHDGGHGLQYDULRXVSHUFHQWDJHVZWWRPDNHEUDNHSDGV 6DPSOH6LV
WKHFRPPHUFLDOEUDNHSDGDQGQHZIRUPXODWLRQEUDNHSDGVVDPSOHV666DQG6DUH WDEXODWHG DUHVKRZQLQWKH
WDEOH
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7DEOH&RPSRVLWLRQRIFRPPHUFLDOEUDNHSDGV6DQG QHZO\ IRUPXODWHG EUDNHSDGV
)ULFWLRQDQGZHDUWHVWLQJ
7KHYDULRXVEUDNHSDGVZHUHPDQXIDFWXUHGXVLQJSRZGHUPHWDOOXUJ\WHFKQLTXH7KHVPDOOVSHFLPHQVRIVL]HPP
; PP ; PP ZHUH FXW IURP EUDNH SDGV 7KHVH VSHFLPHQV ZHUH XVHG WR GHWHUPLQH WKH IULFWLRQ DQG ZHDU
FKDUDFWHULVWLFV7KHZHDUWHVWLQJZDVFDUULHGRXWXVLQJSLQRQGLVNZHDUWHVWPDFKLQH
6KHDUWHVWLQJ
6KHDUVWUHQJWKWHVWV ZHUHFRQGXFWHGRQ%UDNHSDGVWRGHWHUPLQHWKHVKHDUVWUHQJWK RIWKHIULFWLRQPDWHULDODWWDFKHGWR
WKHVWHHOEDFNSODWHVXVLQJDVKHDUVWUHQJWKWHVWLQJHTXLSPHQW7KHVDPSOHVRIEUDNHSDGVEHIRUHDQGDIWHUWKHVKHDU
WHVWLQJVKRZQLQILJ

)LJ %UDNHSDGDORQJZLWKEDFNLQJSODWH D%HIRUHVKHDUWHVWE$IWHU6KHDUWHVW
0LFURVWUXFWXUDODQDO\VLV
7KHPLFUR VWUXFWXUHDQDO\VLVZDVGRQHXVLQJVFDQQLQJHOHFWURQPLFURVFRSH6FDQQLQJHOHFWURQPLFURVFRSH 6(0
XVHVDIRFXVHGEHDPRIKLJKHQHUJ\HOHFWURQVWRJHQHUDWHDYDULHW\RIVLJQDOVDWWKHVXUIDFHRIVROLGVSHFLPHQV7KH
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VLJQDOV WKDW GHULYH IURP HOHFWURQVDPSOH LQWHUDFWLRQV UHYHDO LQIRUPDWLRQ DERXW WKH VDPSOH LQFOXGLQJPRUSKRORJ\
FKHPLFDOFRPSRVLWLRQVWUXFWXUHDQGRULHQWDWLRQRIPDWHULDOV
 5HVXOWVDQG'LVFXVVLRQV
)ULFWLRQDQGZHDU
7KHYDULDWLRQVLQZHDU DQGFRHIILFLHQWRIIULFWLRQIRUWKHFRPPHUFLDOEUDNHSDGDQGQHZIRUPXODWHGEUDNHSDGVZHUH
VWXGLHG7KHJUDSKVRIIULFWLRQDQGZHDUWHVWVUHVXOWVRIEUDNHSDGVVDPSOHV6666DQG6DUHVKRZQ LQWKH
ILJV DQG UHVSHFWLYHO\
)LJ %UDNHSDG 6 D :HDUYVWLPHE &RHIILFLHQWRIIULFWLRQYVWLPH
6SHFLPHQ 6ZHDUVDOPRVWDWFRQVWDQWUDWHXSWRPLQXWHVDQGWKHQWKHUHLVDGHFUHDVHRIPLFURPHWHUV)LJD
7KH VOLJKW GHFUHDVH LQZHDUPD\EH EHFDXVHRI VRPHDPRXQWRI R[LGDWLRQRQ WKH VXUIDFHRI WKH VSHFLPHQDV WKH
SHUFHQWDJHRIVWHHOZRROLQWKHFRPSRVLWLRQLVVOLJKWO\KLJKHU7KHFRHIILFLHQWRIIULFWLRQLVZLWKLQWKHUDQJHRIWR
 DQG LV DYHUDJHG WR  %UDNH SDG ZLWK LQFUHDVHG OXEULFDQW FRQWHQW VKRZV LQFUHDVHG VWDELOLW\ RI IULFWLRQDO
FRHIILFLHQW )LJE 7KH FRHIILFLHQW RI IULFWLRQ LV DOPRVW VWDEOH DIWHU  VHFRQGV LQGLFDWHV DGHTXDWH DPRXQW RI
JUDSKLWHDQGUHVLQSUHVHQWLQWKHFRPSRVLWLRQ
)LJ %UDNHSDG 6 D :HDUYVWLPHE &RHIILFLHQWRIIULFWLRQYVWLPH
7KH ZHDU YDULHV EHWZHHQ  PLFURPHWHUV WR  PLFURPHWHUV IRXQG LQ VSHFLPHQ 6 ILJD +RZHYHU LW ZHDUV
VOLJKWO\KLJKFRPSDUHGWRWKH6SHFLPHQ6GXHWRGHFUHDVHLQWKHSHUFHQWDJHRIFHUDPLFILEHUDQGOHVVHUSHUFHQWDJH
RI VWHHO ZRRO 7KH FRHIILFLHQW RI IULFWLRQ LV DOPRVW VWDEOH DQG VOLJKWO\ OHVV WKDQ WKDW RI WKH VSHFLPHQ 6 GXH WR
LQFUHDVHLQWKHJUDSKLWHFRQWHQWILJE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)LJ %UDNHSDG 6D :HDUYVWLPHE &RHIILFLHQWRIIULFWLRQYVWLPH
,Q6SHFLPHQ 6WKHZHDUYDULHVEHWZHHQPLFURPHWHUVWRPLFURPHWHUVILJD,WGHFUHDVHVJUDGXDOO\PD\
EHGXHWRVOLJKWLQFUHDVHLQVWHHOZRROZWDQGYHUPLFXOLWHDQGVXUIDFHR[LGDWLRQRIWKHVSHFLPHQWKHFRHIILFLHQW
RI IULFWLRQ YDULHG EHWZHHQ  WR  DQG DYHUDJHG WR 7KH LQVWDELOLW\ LQ FRHIILFLHQW RI IULFWLRQ YDULDWLRQ
QRWLFHG PD\ EH GXH WR GHFUHDVH LQ JUDSKLWH DQG LQFUHDVH LQ VWHHO ZRRO SHUFHQWDJHV ILJ E %UDNH SDGV ZLWK
GHFUHDVHGOXEULFDQWDQGLQFUHDVHGDEUDVLYHFRQWHQWVKRZLQFUHDVHGLQVWDELOLW\LQFRHIILFLHQWRIIULFWLRQYDULDWLRQ>@
)LJ %UDNHSDG 6 D :HDUYVWLPHE &RHIILFLHQWRIIULFWLRQYVWLPH
7KHYDULDWLRQRIZHDULVZLWKLQWKHUDQJHRIPLFURPHWHUVWRPLFURPHWHUVZLWKDVOLJKWGHFUHDVHWRZDUGVWKH
HQGIRXQGLQ EUDNHSDG6ILJD7KHIULFWLRQPDWHULDOZHDUZLOOLQFUHDVHZLWKGHFUHDVLQJDPRXQWRIUHLQIRUFLQJ
ILEHU7KHFRHIILFLHQWRIIULFWLRQLQFUHDVHVXSWRPD\EHGXHWRWKHSUHVHQFHVWHHOZRRODQGLURQR[LGHILJE
7KHKLJKHUSHUFHQWDJHRIDEUDVLYH LQFUHDVHVWKHIULFWLRQFRHIILFLHQWDQGZHDUUDWH>@
,Q%UDNHSDG6WKHZHDUYDULHVEHWZHHQPLFURPHWHUVWRPLFURPHWHUV7KHLQFUHDVHLQZHDUPD\EHGXHWR
VOLJKWO\OHVVHUSHUFHQWDJHRIPLQHUDOILEHULQFRPSRVLWLRQILJD7KHFRHIILFLHQWRIIULFWLRQVKRZHGVWDEOHYDULDWLRQ
DQG DYHUDJHG WR 7KLVPD\EHGXH WR VOLJKW LQFUHDVH DUWLILFLDO JUDSKLWH ILJE%UDNHSDGVZLWK LQFUHDVHG
OXEULFDQWFRQWHQWVKRZHGVWDEOHFRHIILFLHQWRIIULFWLRQ>@
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)LJ %UDNHSDG 6D :HDUYVWLPHE &RHIILFLHQWRIIULFWLRQYVWLPH
6KHDUWHVW
,QDFWXDOFRQGLWLRQVWKHEUDNHVDUHDSSOLHGLQRUGHUWRVWRSWKHYHKLFOHWKHEUDNHSDGVUXEDJDLQVWWKHURWDWLQJGLVF
VXEMHFWHGWRVKHDULQJDFWLRQ7KHVKHDUVWUHQJWKRIEUDNHSDGV6666DQG6 DUHVKRZQLQWKHILJ
)LJ6KHDUVWUHQJWKRIWKH%UDNHSDGV
7KHPLQLPXPVKHDUVWUHQJWKYDOXHIRUDEUDNHSDGWREHJRRGLV03D,WZDVIRXQGWKDWDOOWKHVDPSOHVKDGVKHDU
VWUHQJWKYDOXHVZKLFKZHUHZHOODERYHWKHPLQLPXPUHTXLUHPHQW)RU VDPSOH6WKHVKHDUVWUHQJWKYDOXHZDVKLJK
EHFDXVH,URQR[LGHDQGEDU\WHVXVHGLQWKHFRPSRVLWLRQ7KHERQGLQJEHWZHHQWKHFRQVWLWXHQWVDQGWKHUHVLQLVJRRG
DQGHTXLYDOHQWWRWKH%UDNHSDG67KH%UDNHSDG6VKRZHGORZVKHDUVWUHQJWKYDOXHVFRPSDUHG ZLWK%UDNHSDG
6GXHWRVOLJKWO\KLJKJUDSKLWHFRQWHQW
6(05HVXOWV
7KHFKDUDFWHUL]DWLRQRIIULFWLRQPDWHULDOIRUWKHQHZIRUPXODWLRQV6DQG6IRXQGWREHVDWLVIDFWRU\FRPSDUHGZLWK
WKH EUDNH SDGV 6 UHYHDOHG IURP WKH H[SHULPHQWDO DQDO\VLV 0LFUR VWUXFWXUDO DQDO\VLV ZDV FDUULHG RXW RQ WKH
VSHFLPHQV6DQG6DORQJZLWKEUDNHSDG66(0PLFURJUDSKVZHUHWDNHQIRUWKH6SHFLPHQ66DQG6
,WLVREVHUYHGIURPWKH6(0PLFURJUDSK RI6SHFLPHQ66PRRWKZHDUWUDFNVDQGIHZPLFURYRLGVRQWKHVXUIDFH
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7KHELJJHUVL]HGPLFURYRLGVZHUHGXHWRWKHIDOOLQJRIWKHPHWDOOLFSDUWLFOHVGXULQJIULFWLRQ7KHFHUDPLFILEHUVDUH
HYHQO\GLVWULEXWHGLQWKHPDWUL[7KHZRUQPHWDOOLFSDUWLFOHVLPSO\WKDWWKH\ DFWLYHO\SDUWLFLSDWHGLQIULFWLRQGXULQJ
WHVWLQJILJD
7KH EUDNLQJ ORDG LV DFWXDOO\ FDUULHG E\ WLQ\ SODWHDXV WKDW ULVH DERYH WKH VXUURXQGLQJ ORZODQGV RQ WKH IULFWLRQ
PDWHULDO7KHVHSODWHDXVDUHIRUPHGE\WKHUHLQIRUFLQJILEHUVVXUURXQGHGE\WKHVRIWHUFRPSDFWHGFRPSRQHQWVVXFK
DV UHVLQV DQG VROLG OXEULFDQWV 7KH SODWHDXV ZHUH REVHUYHG LQ WKH VSHFLPHQ 6 ILJ E 7KH SUHVHQFH RI WKHVH
SODWHDXVFRQWULEXWHVWRZHDUUHVLVWDQFH>@
6PRRWKZHDUWUDFNZDVVHHQLQWKHVSHFLPHQ 6PLQHUDOILEHUDQGRWKHUFRQVWLWXHQWVZHUHHYHQO\GLVWULEXWHGLQWKH
PDWUL[ ILJ F7KHYRLGVSUHVHQWZHUHIRXQGWREHELJJHUGXHWRIDOOLQJRIWKHPHWDOOLFSDUWLFOHV7KLVPD\EHWKH
UHDVRQIRUKLJKZHDURIDURXQGPLFURPHWHUV
)LJ 6(0PLFURJUDSKD %UDNHVDPSOH6 E%UDNHVDPSOH6F%UDNHVDPSOH 6 DW ;PDJQLILFDWLRQ
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7KH&KDUDFWHULVWLFVRI)ULFWLRQPDWHULDOVDUHYHU\FRPSOH[WRSUHGLFWDQGLWLVDFULWLFDOIDFWRULQEUDNHV\VWHPGHVLJQ
DQGSHUIRUPDQFH7R DFKLHYH WKH FRQVWDQW FRHIILFLHQW RI IULFWLRQXQGHUYDULRXVRSHUDWLQJ FRQGLWLRQV UHVLVWDQFH WR
KHDWZDWHUDQGRLO IDGHORZZHDUUDWHHWFVKRXOGQRWGDPDJHEUDNHGLVF7KLVFDQEHGRQHE\FKDQJLQJWKHW\SH
DQGZHLJKWSHUFHQWDJHRIWKHLQJUHGLHQWVLQWKHIRUPXODWLRQ7KH%UDNHSDGVDPSOH6ZHDUVOLJKWO\KLJKDQGWKH
FRHIILFLHQW RI IULFWLRQ ZDV DOPRVW VWDEOH DQG VOLJKWO\ OHVV FRPSDUHG WR WKH H[LVWLQJ VSHFLPHQ 7KH FRHIILFLHQW RI
IULFWLRQ IRU VDPSOH 6 ZDV VOLJKWO\ KLJK DURXQG  PD\ EH GXH WR WKH SUHVHQFH RI WKH KLJKHU SHUFHQWDJH RI
DEUDVLYHZKLFK LQFUHDVHV WKH IULFWLRQ FRHIILFLHQW DQGZHDU UDWH7KH VKHDU VWUHQJWKRI WKHQHZSUHSDUHG VSHFLPHQ
VKRZHGEHWWHUYDOXHVFRPSDUHGZLWKWKHH[LVWLQJEUDNHSDGV%UDNHSDGVSHFLPHQ6WKHSODWHDXVZHUHREVHUYHGLQ
WKH6(0DQDO\VLVFRQWULEXWHVWRZHDUUHVLVWDQFH,W LV HYLGHQWIURPWKH6(0DQDO\VLV6PRRWKZHDUWUDFN ZDVVHHQ
LQWKHVSHFLPHQ6 PLQHUDO ILEHUDQGRWKHUFRQVWLWXHQWVDUHHYHQO\GLVWULEXWHGLQWKHPDWUL[
+HQFHWKHEUDNHSDGV6DQG6VKRZHGWKHFKDUDFWHULVWLFVZKLFKDUHDOPRVWHTXLYDOHQWWRWKHH[LVWLQJEUDNHSDG
DQGHFRQRPLFVRISURGXFLQJWKHVHEUDNHSDGVDUH TXLHWORZ
5HIHUHQFHV
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